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Original Article 
Digitalized Bite Mark Analysis for the Undergraduate 
Dental Students 
Mohd Yusmiaidil Putera Mohd Yusof1,2'* 
1
 Centre of Oral & Maxillofacial Diagnostics and Medicine Studies, Universiti Teknologi MARA Sg. Buloh Campus, Jalan Hos-
pital, 47000 Sungai Buloh, Malaysia. 
2Forensic Odontology, Department of Dentistry, University Hospital Leuven, Kapucijnenvoer 7, Leuven 3000, Belgium 
Abstract 
In legal system, the admissibility of bite mark injury has proven to give more positive impact when current tech-
nologies are adapted to its analysis. The early exposure of the digitalized bite mark analysis during the under-
graduate dental program is beneficial to stimulate interests and provide guidance among the professional den-
tists. The step-by-step bite mark analysis partly adapted from KU Leuven, Belgium is emphasized by delivering 
the illustrated practical techniques using computer software Adobe Photoshop®. The overlays analysis demon-
strated its practicality as easy to use and offered opportunities to learn through unconventional mode of teach-
ing. The incorporation of bite mark injury analysis to the undergraduate dental learning is highly recommended. 
Keywords: Bite mark analysis, overlay technique, dental education 
Introduction 
Bite mark injury has been admissible in legal 
court as secondary evidence. Although its use 
is associated with subjective analysis largely 
due to impressions of the early works by dis-
credit scientific personals, the modern tech-
niques seem to provide a remedy to the miss-
ing link1' 2. The use of overlays in computer 
software such as Adobe Photoshop® is easy 
to adapt and numerous results demonstrated 
that the techniques involved were accurate 
and reliable— Therefore, it offers a potential 
platform for the undergraduate dental students 
Corresponding to: Dr Mohd Yusmiaidil Putera Mohd 
Yusof BDS MSc PhD, Centre of Oral & Maxillofacial 
Diagnostics and Medicine Studies, Universiti Teknologi 
MARA Sg. Buloh Campus, Jalan Hospital, 47000 Sungai 
Buloh, Malaysia. 
Email: yusmiaidil@salam.uitm.edu.my 
Tel: +603-61266588 Fax: +603-61266103 
to learn the concepts and steps involved in 
bite mark injury analysis. In addition, due to 
the lack of forensic odontologists in Malaysia, 
the incorporation of this module into the under-
graduate dental program may contribute great 
fundamentals and interests among dentists to 
work on bite mark injury analysis. However, 
maintaining contacts with experts are highly 
recommended as the court of law required the 
analysis to be conducted in a way that fulfilling 
the concept of beyond reasonable doubt. 
The aim of this article is to introduce the practi-
cal delivery of digitalized bite mark analysis to 
the undergraduate dental students and to get 
them familiarize with the techniques involve in 
the analysis. 
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Materials and methods 
Two independent operators were working on 
this project. First operator simultaneously acted 
as victim and suspect by self-inflicting a bite 
mark injury on his forearm. The second opera-
tor (the author) acted as forensic odontologist 
who undertaking the whole process of bite mark 
identification and analysis. The outline of the 
self-inflicted bite mark must be clear and free 
from external marks such as scars, tattoos, and 
heavy hairs (Fig. 1). Prior to bite mark infliction, 
a forearm rest (blue arrow) was constructed to 
reproduce the same angulation during photog-
raphy. The bite marks were digitally photo-
graphed according to ABFO recommendation 
for evident collection - with the ABFO No. 2 
ruler placed in-situz. Impression casts were 
constructed on the suspect's dentition. The 
photographs were stored in JPEG format. 
Figure: 1 - Digital bite mark photograph in fore-
arm rest cast (blue arrow) 
Digital analysis 
The casts were scanned with a 2-D Canon 
PIXMA™ MG3220 scanner (Canon U.S.A., 
Inc., New York). The 2-D images were then 
imported to Adobe Photoshop® software and 
processed. The digital analyses were per-
formed in the following steps. First, the detec-
tion and correction of digital photographic dis-
tortion were performed followed by photographs 
resizing. Formula to measure the photographs 
resizing is as follows; the real size of scale = 
scale size (actual) and resize ratio = scale size 
(actual)/scale size (image)-. Suspect cast was 
scanned (Fig. 2) and overlay fabrication was 
made. The overlay comparison was then initiat-
ed. "Magic wand" tool was utilized to select the 
tooth edges. Non-metric overlay comparison 
procedures using manual digital analysis and 
spatial polygon were used in this trial. The spa-
tial polygons of both bite mark image and 
scanned cast were manually compared by pat-
terns and sizes. 
Figure: 2 - Scanned casts of upper and lower 
dentition 
Results and Discussion 
The image distortion was fixed using grid by 
equalizing the legs of the scale. Angular distor-
tion was not fixed as the ruler circle perfectly 
fitted to each other (Fig. 3). The image height 
and width were obtained as 4.84cm and 
8.33cm, respectively. The resize ratio was cal-
culated as 0.735 where the scale size (actual) 
was 5mm (0.5cm) and scale size (image) was 
6.8mm (0.68cm). Therefore, the height and 
Yusof et al. 
Figure: 3 - Digital bite mark photograph with 
coloured ruler circle on left (yellow) and top (blue) 
width were adjusted to 3.56cm and 6.12cm, 
respectively by multiplying the resize ratio with 
the obtained values. 
Fig. 4a exhibited the magic wand overlay added 
with marking texts. This overlay was then 
flipped for proper orientation of overlay (Fig. 
4b). Rectangular marquee of the tooth edges 
overlay was transferred onto bite mark image 
by using free-transform technique for both up-
per (Fig. 5) and lower dentition (Fig. 6). A spa-
tial polygon performed on bite mark image was 
shown in Fig. 7. The same procedure was also 
applied on the scanned cast (Fig. 8). 
Undergraduate dental programs do not usually 
confer forensic knowledge and for that, more 
often than not, dentists resort to shunt cases 
related to forensics and legalities. The referrals 
are scarce and reports are not being written 
sufficiently. The procedures expounded by this 
article were partly adapted from the curriculum 
imposed for advanced master in forensic odon-
tology program in the department of forensic 
odontology in KU Leuven, Belgium. Thus, the 
theoretical and practical weight exhibited in this 
study is only represented about a third of total 
intensity of the bite marks module in the ad-
vanced master program. Ultimately, this article 
did not intend to replicate the full module set 
forth by the adapted program. It is important to 
note however, the procedures described in this 
article are accessible through literatures and 
paper works from various authors in the related 
area within research database. 
-^Q-
1 / j» h lima 
WSBBB B ^ H 
1 w 
BBMBBH 
Figure: 5 - Tooth edges overlay on upper dentition 
mark 
Figure: 4 - (a) "Magic wand" overlay added with 
marking texts (b) Flipped overlay for proper 
orientation 
m 
Figure: 6 - Tooth edges overlay on lower dentition 
mark 
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The theoretical part is not explained in great 
details in the current article due to scope of this 
article to familiarize the undergraduate dental 
students with terminologies and practicalities 
behind digitalized bite mark injury analysis. De-
spite gaining knowledge on how to handle bite 
mark evidence, the students may also appreci-
ate that there are plenty of room for error 
should one is not careful enough to examine 
the whole aspects of error probabilities. The 
use of non-metric spatial polygons should al-
ways be measured with other criteria such as 
the measurement of arch width, shape of dental 
arches, labiolingual and rotational position, in-
terdental spacing and curvatures of incisal edg-
es. 
Figure: 7 - Spatial polygon on bite mark image 
for upper and lower dentition 
Therefore, the bias can be minimized and re-
duce the likelihood of having a mono-directional 
interpretation due to inaccuracy of bite imprint 
as skin is considered a poor medium for accu-
rate impressions-. In addition, as a complemen-
tary to the bite mark on human skins, the author 
suggests the use non-human substrate or per-
ishable items such as apples, cheese11^ or 
pencils to measure the comparison accuracy 
for teaching and learning purposes. 
Figure: 8 - Spatial polygon on scanned cast im-
age for upper and lower dentition 
Conclusion 
As the field of forensic odontology is expanding, 
the need for trained personnel in handling and 
reporting evident is increasing. The aid of cur-
rent technologies should be made available 
from the beginning to nurture interest in the 
young ones for dental education. 
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location: city and state, province or country. 
The Experimental Procedures or Materials and Methods should give sufficient details to enable the reader to 
repeat your work exactly, if necessary. The necessity for conciseness should not lead to omission of im-
portant experimental details. Refer to previously published procedures employed by citation of both the origi-
nal description and pertinent published modifications, and do not include extensive description unless they pre-
sent substantially new modifications. 
This section should present clearly but succinctly the experimental findings. Only results essential to establish 
the main points of the work should be included. Numerical data should be analyzed using appropriate statistical 
tests. 
For guidelines on how to report statistical results, see Bailar, JC, Mosteller, F (1988) Guidelines for statistical 
reporting in articles for medical journals. Ann Intern Med, 108:266-273; Curran-Everitt, D, Benos DJ, (2004) 
Guidelines for reporting statistics in journals published by the American Physiological Society. J Neurophysiol, 
92:669-671; Lang, TA, Secic, M (2006) How to report statistics in medicine: annotated guidelines for authors, 
editors and reviewers, 2nd edition, Philadelphia, PA, ACP Press; Sarter M, Fritschy JM (2008) Eur J Neurosci 
28:2363-2364. compact presentation. 
Experimental animals: When experimental animals are used, specify species, strain, sex, age, supplier, and 
numbers of animals used in total and for individual experimental conditions. The species should be identified 
in the Title or Abstract. 
Statistical methods: A complete description of statistical methods is required. 
Permissions 
If all or parts of previously published illustrations are used, permission must be obtained from the copyright 
holder concerned. It is the author's responsibility to obtain these in writing and provide copies to the publishers. 
5. Results and Statistical Analyses 
The observations should be presented with minimal reference to earlier literature or to possible interpretations. 
The main statistical results should be reported in the Results section. The description of the statistical results 
should include the proper statistical term (such as the F statistic) as well as the degrees of freedom and the 
P value. The description of statistical results in the figure legends should be limited to important post hoc com-
parisons. 
Statistical methods should be described with enough detail to enable a knowledgeable reader with access to 
the original data to verify the reported results. When possible, findings should be quantified and appropriate 
measures of error or uncertainty (such as confidence intervals) given. Details about eligibility criteria for sub-
jects, randomization and the number of observations should be included. The computer software and the statis-
tical method(s) used should be specified with references to standard works when possible 
6. Discussion 
The discussion section presents the interpretation of the findings, this is the only proper section for subjective 
comments. The discussion section should be as concise as possible and should include a brief statement of the 
principal findings while avoiding repetition of statements provided in the Abstract or the Results section. 
A discussion of the validity of the observations, a discussion of the findings in light of other published work deal-
ing with the same or closely related subjects, and a statement of the possible significance of the work. Exten-
sive discussion of the literature is discouraged. 
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Only published and "in press" (i.e., accepted for publication in a specific journal or book) references should ap-
pear in the reference list at the end of the paper. The latest information on "in press" references should be pro-
vided. Any "in press" references that are relevant for reviewers to see in order to make a well-informed evalua-
tion should be included as a separate document text file along with the submitted manuscript. 
References cited in the text should be numbered in parentheses with Arabic numerals in order of appearance. 
Be sure to verify the wording of any personal communication with the person who supplied the information and 
get his approval for the use of his name in connection with the quoted information. All references should be 
listed in numerical order typed double-spaced on a separate sheet under the heading REFERENCES. 
Please note the following examples. 
(1) For a journal article: 
7. Sanger F, Nicklen S, and Coulson AR (1977) DNA sequencing with chain-terminating inhibitors. Proc. 
Natl. Acad. Sci. USA 74, 5463-5467 
(2) For a chapter in an edited book: 
12. Messing J (1983) New M13 vectors for cloning in Methods in Enzymology (Wu, R., Grossman, L, and 
Moldave, K., eds.) Vol. 101, pp. 20-51, Academic Press, New York 
(3) For a book by one or more authors: 
15. Sambrook J, Fritsch EF, and Maniatis T (1989) Molecular Cloning. A Laboratory Manual pp. 1339-
1341, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY 
Text citations to references written by more than two authors should be styled for example as, Smith et al. In the 
reference list, however, the names of all authors (with initials) must be given. If an article has been accepted for 
publication by a journal but has not yet appeared in print, the reference should be styled as follows: 
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References should be cited in the text as follows: "The procedure used has been described elsewhere (Green, 
1978),"or "Our observations are in agreement with those of Brown and Black (1979) and of White et al. 
(1980),"or with multiple references, in chronological order: "Earlier reports (Brown and Black, 1979, 1981; White 
etal., 1980; Smith, 1982, 1984)...." 
The use of "in preparation" and "submitted for publication" is not allowed in the reference list. 
Citation of the references written in a language which is usually unreadable for general readers and those pub-
lished in a journal (or book) to which general reader could not easily access should be avoided. 
8. Figure Legends: 
Figure legends must be placed after the Literature Cited section. Manuscript document files lacking figure leg-
ends will not be reviewed. Do not duplicate material from the text or described in the methods in your figure 
legends. Indicate scale bar size if it is not indicated on the figure. Figure legends should be prepared for each 
figure. There should be sufficient experimental detail in the legend to make the figure intelligible without refer-
ence to the text (unless the same material has been given with a previous figure, or in the Experimental Proce-
dures section). 
• Tables: Tables should be self-explanatory and should not duplicate textual material. Each table must be 
appended to the end of the manuscript, after the Figure Legends, in either Word or Excel table format. DO 
NOT embed photographs or image files of tables. Legends or keys must accompany each table and should 
not be added to the Figure Legends. Tables should be numbered consecutively using Arabic numerals, and 
should include a brief title. Use footnotes (superscripted lower-case letters) to explain abbreviations, statis-
tics, etc. Place explanatory matter in footnotes, not in the heading. 
• Figures: Figures must be first cited in the manuscript in ascending numeric order. Subsequent references 
need not be in order, but the first citation of a figure must occur after preceding figures and before following 
figures (eg. Figure 2 cannot be referenced until after Figure 1 has been). Figures can be first referenced in 
groups or in the same figure reference (eg. Figure 1-3 or Figure 5 and 6). 
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Abbreviations should be kept to an absolute minimum. Abbreviations save relatively little space but greatly di-
minish the readability of a manuscript. In general, abbreviations should not appear in the Abstract, and sentenc-
es that contain more than one abbreviation merit careful review. The word must always be written out in full 
when first used and the proposed abbreviation given in parentheses. A list of all abbreviations used in the text 
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